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RUJDQLF FRPSRXQGV FRQWDLQLQJ PXOWLSOH ERQGV LQ WKHLU PROHFXOHV WKDW PDLQO\ FRQWDLQ QLWURJHQ VXOSKXU DQGRU
R[\JHQDWRPVWKURXJKZKLFKWKH\JHWDGVRUEHGRQWKHPHWDOVXUIDFH%HQWLVV)HWDO)RXGD$6HWDO
+RZHYHUPRVWRIWKHVHVXEVWDQFHVDUHWR[LFDQGXVLQJWKHPLVKDUPIXOIRUERWKKXPDQKHDOWKDQGHQYLURQPHQW
7KLVLVOHGWRFRQVLGHUSKDUPDFHXWLFDOLQJUHGLHQWVDUHXVHGDVFRUURVLRQLQKLELWRUV.HWRFRQD]ROH 2ERW,% HWDO
$QWLIXQJDO GUXJV2ERW ,% HW DO 0HFOL]LQHK\GURFKORULGH ,VKZDUD%KDW - HW DO  DQG VRPH
DQWLPDODULDQGUXJV)RXGD$6HWDOKDYHEHHQUHSRUWHGDVJRRGLQKLELWRUV7KXVGUXJVZLWKSODQDUVWUXFWXUH
FDQEHDSURPLVLQJLQKLELWRUZKLFKHQFRXUDJHGXVWRFKRRVHDGUXJ$QWKUDQLOLFDFLG LVDFODVVRI QRQVWHURLGDODQWL
LQIODPPDWRU\GUXJ XVHGIRUWKHWUHDWPHQWRILQIODPPDWRU\ GLVRUGHUV 7KH,83$&QDPHRI $QWKUDQLOLFDFLG LV >1
>WULIOXRURPHWK\OTXLQRO\O@DQWKUDQLODWH@ ZZZGUXJEDQNFRP7KHSUHVHQFHRI HOHFWURQULFK12)DWRPV
DQGʌ ERQGVLQLWVVWUXFWXUHPLJKWEHLQIDYRXURILWVDGVRUSWLRQRQWKHPHWDOVXUIDFHZKLFKJLYHV DVFRSHIRULWV
VWXG\DVDSRWHQWLDOFRUURVLRQLQKLELWRU7KHDLPRIWKHSUHVHQWLQYHVWLJDWLRQLVWRVWXG\WKHHIIHFWRI $QWKUDQLOLFDFLG
DVDFRUURVLRQLQKLELWRUIRUPLOGVWHHOLQ0+&O
 ([SHULPHQWDO
0DWHULDO
6WHHOVWULSVKDYLQJFRPSRVLWLRQV&0Q36DQGWKHUHVWEHLQJ)HZHUH
XVHG IRU DOO H[SHULPHQWV7KHVWULSHVZHUHSROLVKHGE\HPHU\SDSHUV IURP ± JUDGHZDVKHG WKRURXJKO\
ZLWKGLVWLOOHGZDWHUGHJUHDVHGZLWKDFHWRQHDQGGULHGDWURRPWHPSHUDWXUH:HLJKWORVVPHWKRGLVFDUULHGRXWLQ0
+&OPHGLD6WULSVZLWKDQH[SRVHGDUHDRIFP UHVWLVFRYHUHGIRUHOHFWURFKHPLFDOPHDVXUHPHQWVZHUHXVHG7KH
FRUURVLYHPHGLD0+&OVROXWLRQVZHUHSUHSDUHGXVLQJ$5JUDGH+&ODQGGLVWLOOHGZDWHU
7HVWVROXWLRQ
$QWKUDQLOLFDFLG VWUXFWXUHLVVKRZQLQ )LJXUH ,WLVSURFXUHGIURP +DQJ]KRX=KHQJKDQ%LRORJLFDO7HFKQRORJ\
&R/WG &KLQD ,WLVZDWHULQVROXEOHEXWVROXEOHLQ0+&O 'LIIHUHQWZHLJKWRI $QWKUDQLOLFDFLG ZDVGLVVROYHGLQ
0+&OVROXWLRQ7KHSUHSDUHGVWRFNVROXWLRQVZHUHXVHG WR WKHH[SHULPHQWV LQFOXGLQJRI WKHEODQNVROXWLRQ0
+&O
)LJXUH 6WUXFWXUHRI $QWKUDQLOLFDFLG
0HWKRGV
:HLJKWORVV0HDVXUHPHQWV
:HLJKW ORVV PHDVXUHPHQWV ZHUH SHUIRUPHG E\ LPPHUVLQJ VWHHO SODWHV LQ JODVV EHDNHU FRQWDLQLQJ  FP RI
FRUURVLYHPHGLD0+&OZLWKGLIIHUHQWFRQFHQWUDWLRQRILQKLELWRU DW.$IWHUDQLPPHUVLRQWLPHRIKVWHHO
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SODWH ZDV WDNHQ RXW DQG ZDVKHG ZHOO ZLWK SOHQW\ RI WDS ZDWHU IROORZHG E\ GLVWLOOHG ZDWHU GULHG DQG ZHLJKHG
DFFXUDWHO\ XVLQJ GLJLWDO EDODQFH DFFXUDF\  PJ $OO H[SHULPHQWV ZHUH FDUULHG RXW LQ VWDWLF DQG DHUDWHG
FRQGLWLRQ(DFKPHDVXUHPHQWZDVUHSHDWHGWKULFHIRUUHSURGXFLELOLW\DQGDQDYHUDJHYDOXHZDVUHSRUWHG
(OHFWURFKHPLFDO0HDVXUHPHQWV
7KHHOHFWURFKHPLFDOPHDVXUHPHQWVZHUHFDUULHGRXWLQ&+,'HOHFWURFKHPLFDOZRUNVWDWLRQPDQXIDFWXUHGE\
&+,QVWUXPHQWV$XVWLQ86$DW.7KHFHOOFRQVLVWVRIWKUHHHOHFWURGHVQDPHO\WKHZRUNLQJHOHFWURGHVWHHO
FRXQWHU HOHFWURGH SODWLQXP DQG UHIHUHQFH HOHFWURGH $J$J&O HOHFWURGH %HIRUH HDFK HOHFWURFKHPLFDO
PHDVXUHPHQWWKHZRUNLQJHOHFWURGHZDVDOORZHGWRVWDQGIRUPLQLQWHVWVROXWLRQWRHVWDEOLVKVWHDG\VWDWHRSHQ
FLUFXLWSRWHQWLDO 2&3$OO UHSRUWHGSRWHQWLDOVZHUHZLWK UHVSHFW WR$J$J&OHOHFWURGH)RU7DIHOPHDVXUHPHQWV
SRWHQWLDOFXUUHQWFXUYHVZHUHUHFRUGHGDWDVFDQUDWHRI9V LQWKHSRWHQWLDOUDQJHREWDLQHGE\DGGLQJ DQG
9 WR WKH RSHQ FLUFXLW SRWHQWLDO 2&3 YDOXH 7KH FRUURVLRQ SDUDPHWHUV VXFK DV FRUURVLRQ SRWHQWLDO (FRUU
FRUURVLRQ FXUUHQW LFRUU FDWKRGLF7DIHO VORSH EF DQG DQRGLF7DIHO VORSH EDZHUH FDOFXODWHG IURP WKH VRIWZDUH
LQVWDOOHGLQWKHLQVWUXPHQW,PSHGDQFHPHDVXUHPHQWVZHUHFDUULHGRXWXVLQJ$&VLJQDOZLWKDPSOLWXGHRIP9DW
2&3LQWKHIUHTXHQF\UDQJHIURP+]WR.+] 7KHLPSHGDQFHGDWDZHUHILWWHGWRPRVWDSSURSULDWHHTXLYDOHQW
FLUFXLWE\XVLQJ=6LPS :LQ VRIWZDUH7KHLPSHGDQFHSDUDPHWHUVZHUHREWDLQHGIURP1\TXLVWSORWV
5HVXOWDQG'LVFXVVLRQ
:HLJKWORVVPHWKRG
7KHZHLJKWORVVPHWKRGLVSUREDEO\WKHPRVWZLGHO\XVHGPHWKRGRILQLWLDOLQKLELWLRQDVVHVVPHQW,QRXUVWXG\
GLIIHUHQWPLOG VWHHO VDPSOHVZHUHXVHGZKLFKZHUH LPPHUVHG LQ0+&O VROXWLRQVFRQWDLQLQJGLIIHUHQW LQKLELWRU
FRQFHQWUDWLRQVDW.WHPSHUDWXUHIRUKUV7KHLQYHVWLJDWLRQVZHUHFDUULHGRXWLQ DHUDWHG VROXWLRQV7KHPDVVRI
HDFKVWHHOVSHFLPHQEHIRUHDQGDIWHULPPHUVLRQZDVGHWHUPLQHGXVLQJDQDQDO\WLFDOEDODQFH
7KHYDOXHRISHUFHQWDJHLQKLELWLRQHIILFLHQF\ȘZZDVFDOFXODWHGIURPIROORZLQJUHODWLRQ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:KHUH:DQG:DUHZHLJKWORVVRIVWHHOLQ DEVHQFHDQGSUHVHQFHRILQKLELWRU
7KHUDWHRIFRUURVLRQ ȡ PJFP KZDVFDOFXODWHGIURPHTXDWLRQ

+HUH 6 LVWKHVXUIDFHDUHDRIWKHVWHHOVSHFLPHQDQG 7 LVWKHLPPHUVLRQWLPHLQKRXUV&RUURVLRQSDUDPHWHUVIRUPLOG
VWHHOLQ0+&OLQSUHVHQFHRIGLIIHUHQWFRQFHQWUDWLRQVRIWKH $QWKUDQLOLFDFLG LVSURYLGHGLQ 7DEOH
7DEOH&RUURVLRQSDUDPHWHUVREWDLQHGIURPZHLJKWORVVPHDVXUHPHQWVIRUVWHHOLQ0+&OLQ3UHVHQFHRIYDULRXVFRQFHQWUDWLRQVRI
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&RQFHQWUDWLRQRI,QKLELWRUDW .
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(FRUU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FDWKRGLF7DIHOVORSH
ȕF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ȕD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:KHUH LFRUU DQG LFRUU DUH WKH FRUURVLRQ FXUUHQW GHQVLWLHV LQ DEVHQFH DQG SUHVHQFH RI WKH FRUURVLRQ LQKLELWRU
UHVSHFWLYHO\ 7KH SUHVHQFH RI $QWKUDQLOLF DFLG VKLIWV ERWK DQRGLF DQG FDWKRGLF EUDQFKHV WR WKH ORZHU YDOXHV RI
FXUUHQWGHQVLWLHVDQG WKXVFDXVHVD UHPDUNDEOHGHFUHDVH LQ WKHFRUURVLRQ UDWH2[\JHQ LV UHGXFHG LQ ORZFDWKRGLF
RYHU SRWHQWLDOV EXW WKH PDLQ FDWKRGLF UHDFWLRQ LQ DFLGLF VROXWLRQ LV WKH GLVFKDUJH RI K\GURJHQ LRQV WR SURGXFH
K\GURJHQJDV,WFDQEHFOHDUO\VHHQIURP )LJXUH WKDWERWKDQRGLFPHWDOGLVVROXWLRQDQGFDWKRGLFUHDFWLRQVZHUH
LQKLELWHG DIWHU WKH DGGLWLRQ RI LQKLELWRU WR WKH DJJUHVVLYH VROXWLRQ 7KLV UHVXOW LV LQGLFDWLYH RI WKH DGVRUSWLRQ RI
LQKLELWRUPROHFXOHVRQWKHDFWLYHVLWHVRIPLOGVWHHOVXUIDFH7KHLQKLELWLRQRIERWKDQRGLFDQGFDWKRGLFUHDFWLRQVLV
PRUHSURQRXQFHGZLWKWKHLQFUHDVLQJLQLQKLELWRUFRQFHQWUDWLRQ 6DOHK00HWDO LFRUU YDOXHVDUHGHFUHDVHG
ZLWK LQFUHDVH LQ WKH FRQFHQWUDWLRQ RI $QWKUDQLOLF DFLG 7KH LQKLELWLRQ HIILFLHQFLHV RI $QWKUDQLOLF DFLG ZHUH
GHWHUPLQHG WKURXJKHOHFWURFKHPLFDOH[SHULPHQWV 7DEOH 7KHYDOXHVRI WKHFRUURVLRQFXUUHQWGHQVLW\ LFRUU DQG
FRUURVLRQ SRWHQWLDO (FRUU DV ZHOO DV WKH FDWKRGLF DQG DQRGLF 7DIHO VORSHV ȕF ȕD ZHUH REWDLQHG E\ WKH OLQHDU
H[WUDSRODWLRQRI WKH7DIHOVORSHV7KHILJXUHVVKRZWKH LQIOXHQFHRI LQKLELWRUDQG LWVFRQFHQWUDWLRQ7KHFRUURVLRQ
FXUUHQWGHQVLW\GHFUHDVHGZLWKLQFUHDVHLQLQKLELWRUFRQFHQWUDWLRQDQG LWLQGLFDWHVWKHFRUURVLRQUDWHZDVPLWLJDWHG
,QKLELWLRQ ZDV UHDFKHG E\ D EORFNLQJ PHFKDQLVP RQ WKH DQRGLF DQG FDWKRGLF VLWHV DV SRODUL]DWLRQ FXUYHV DUH
GLVSODFHG GRZQZDUG RQ WKHZKROH SRWHQWLDO UDQJH 7KHVH UHVXOWV LQGLFDWHG WKDW WKH SUHVHQFH RI $QWKUDQLOLF $FLG
LQKLELWHG LURQ R[LGDWLRQ DQG LQ D ORZHU H[WHQW FDWKRGLF UHGXFWLRQ UHDFWLRQ FRQVHTXHQWO\ WKLV FRPSRXQG FDQ EH
WUHDWHGDVPL[HGW\SHFRUURVLRQLQKLELWRUDVHOHFWURGHSRWHQWLDOGLVSODFHPHQWLVORZHUWKDQP9LQDQ\GLUHFWLRQ
+RMDWROODK-DIDULHW DO
(OHFWURFKHPLFDO,PSHGDQFH6SHFWURVFRS\(,6PHDVXUHPHQWV
(OHFWURFKHPLFDOLPSHGDQFHVSHFWUDIRUVWHHOLQ0+&OZLWKGLIIHUHQWFRQFHQWUDWLRQRILQKLELWRU LV SUHVHQWHGDV
1\TXLVWSORWLQ )LJ  1\TXLVWSORWVZHUHDQDO\]HGE\ILWWLQJWKHH[SHULPHQWDOGDWDWRDVLPSOHFLUFXLWPRGHO)LJXUH
7KHILWWHGYDOXHVRI 5FW DQG &GO DUHOLVWHGLQ 7DEOH,WLVFOHDUWKDWE\LQFUHDVLQJWKHLQKLELWRUFRQFHQWUDWLRQWKH
&GO YDOXHVGHFUHDVHV 5FW YDOXHV LQFUHDVH DQG WKXV LQKLELWLRQHIILFLHQF\YDOXHV LQFUHDVHV7KHDGGLWLRQRI LQKLELWRUV
SURYLGHORZHU &GO YDOXHV WKLVVLWXDWLRQZDVWKHUHVXOWRIDQLQFUHDVHLQWKHWKLFNQHVVRIWKHHOHFWULFDOGRXEOHOD\HU
DQGGHFUHDVHLQORFDOGLHOHFWULFFRQVWDQW 3RQJVDN/RZPXQNKRQJHWDO 7KHLQFUHDVHLQVL]HRIWKHVHPLFLUFOH
DQG 5FW YDOXHVZLWKLQFUHDVLQJLQKLELWRUFRQFHQWUDWLRQLQGLFDWLQJWKHFKDUJHWUDQVIHUSURFHVVLVWKHPDLQFRQWUROOLQJ
IDFWRU RI WKH FRUURVLRQ RI PLOG VWHHO &RQVLGHULQJ WKH LPSHGDQFH GLDJUDP DW  .)LJXUH  WKH VL]H RI WKH
FDSDFLWLYH ORRS LQFUHDVHG E\ LQFUHDVLQJ WKH FRQFHQWUDWLRQ RI $QWKUDQLOLF $FLG LQGLFDWHG WKDW $QWKUDQLOLF DFLG
LQFUHDVHGWKHFKDUJHWUDQVIHUUHVLVWDQFHDQGKHQFHKDYHLQKLELWLQJHIIHFWRQPLOGVWHHOFRUURVLRQLQDFLGLFPHGLXP
$OOLPSHGDQFHSORWVFRQWDLQDGHSUHVVHGVHPLFLUFOHZKLFKFDQEHDWWULEXWHGWRWKHIUHTXHQF\GLVSHUVLRQHIIHFWDVD
UHVXOWRIWKHURXJKQHVVDQGLQKRPRJHQHRXVRIHOHFWURGHVXUIDFH 6LQJK$.HWDO
3RSRYDHWDO>@VDLGWKDWVXPRIFKDUJHWUDQVIHUUHVLVWDQFH5FWDQGDGVRUSWLRQUHVLVWDQFH5DGLVHTXLYDOHQWWR
SRODUL]DWLRQUHVLVWDQFH5S,QKLELWLRQHIILFLHQF\Ș]ZDVFDOFXODWHGXVLQJIROORZLQJHTXDWLRQ
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ZKHUH5S DQG
R
S5 DUHSRODUL]DWLRQUHVLVWDQFHYDOXHVLQSUHVHQFHDQGDEVHQFHRILQKLELWRU
7KHYDOXHV RI ȘS DQG Ș]DW. LVJLYHQLQ 7DEOH
)LJ 1\TXLVW3ORWVIRUVWHHOLQ0+&OLQWKHDEVHQFHDQGSUHVHQFHRIGLIIHUHQW ,QKLELWRUFRQFHQWUDWLRQVDW .
)LJ (OHFWULFDO(TXLYDOHQWFLUFXLWPRGHOXVHGWRILWLPSHGDQFHGDWD
7DEOH7DIHODQG$&LPSHGHQFHUHVXOWVIRUWKHFRUURVLRQRIPLOGVWHHOLQ0+&OLQWKHSUHVHQFH
GLIIHUHQWZHLJKWVRI$QWKUDQLOLFDFLGDW .
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 &RQFOXVLRQV
x 7KHUHLVDJRRGDJUHHPHQWEHWZHHQZHLJKWORVVPHWKRGVDQGHOHFWURFKHPLFDOPHDVXUHPHQWV DW.
x $QWKUDQLOLF$FLG ZDVIRXQGWREHDJRRGLQKLELWRUIRUPLOGVWHHOLQ0+&O
x 7DIHOSRODUL]DWLRQVWXGLHVKDYHVKRZQWKDW $QWKUDQLOLF$FLG DFWVDVPL[HGW\SHLQKLELWRU
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